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Use-Dependent Activation of Kv1.2 Channel Complexes
Victoria Baronas, Brandon McGuinness, Yury Y. Vilin, Robin Kim,
Runying Yang, Harley T. Kurata.
University of British Columbia, Vancouver, BC, Canada.
In excitable cells, ion channels are often challenged by rapid and repetitive
stimuli. Ion channel responses to repetitive stimulation shape cellular behaviors
by regulating the duration and termination of bursting action potentials. There-
fore, we have investigated the regulation of voltage-gated potassium (Kv) chan-
nels under high frequency stimuli, with a particular focus on the canonical
delayed rectifier Kv1.2. Previous reports have demonstrated a unique prepulse
potentiation behavior that is observed in Kv1.2 channels expressed in mamma-
lian cell lines. In this study, we demonstrate that this prepulse potentiation en-
ables Kv1.2 channels to exhibit marked use-dependent activation, with trains of
brief depolarizations causing dramatic increases in elicited current. This prop-
erty arises from a stabilization of the channel open state in potentiated channels
by ~2.5 kcal/mol, reflecting a 285 1 mV leftward shift in activation V1/2 after
channel potentiation, and a marked acceleration of channel activation. Impor-
tantly, Kv subunits can assemble into heteromeric channels, generating diver-
sity of function and sensitivity to signaling mechanisms. We demonstrate that
although other Kv1 channel types are not prone to the use-dependent activation
observed for Kv1.2, this property is conferred to other Kv1 subunits when they
co-assemble with Kv1.2 in heteromeric channels. Our observations suggest a
unique role for Kv1.2 subunits as potential suppressive components of hetero-
meric Kv1 channels, and describe a novel mechanism of channel regulation that
will influence channel activity during bursts of cellular electrical activity.
These findings illustrate that the functional output of heteromeric Kv channels
integrates the biophysical properties and signaling sensitivities of their compo-
nent subunits. We highlight the importance of expanding biophysical studies of
Kv channels to better understand interactions between different subunit types in
heteromeric complexes.
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Functional Coupling in Nociceptive Sensory Neurons Between Ip3 Recep-
tors and the Calcium-Activated Ano1(TMEM16A) Chloride Channel
Xin Jin1, Shihab Shah1, Yani Liu2, Huiran Zhang2, Meredith Lees1,
Zhaojun Fu1, Jonathan D. Lippiat1, David J. Beech1, Asipu Sivaprasadarao1,
Stephen A. Baldwin1, Hailin Zhang2, Nikita Gamper1.
1University of Leeds, Leeds, United Kingdom, 2Hebei Medical University,
Shijiazhuang, China.
Ca2þ-activated Cl- channels (CaCCs) are an important group of ion channels with
diverse physiological roles whose molecular identity long time remained enig-
matic. Members of the anoctamin (ANO) or TMEM16 family of proteins were
recently identified as likelyCaCCcandidates. Thus,ANO1 (TMEM16A)mediates
CaCCcurrents in epithelial and smoothmuscle cells and in damage-sensing (noci-
ceptive) sensory neurons. We report that ANO1 channels in small neurons from
dorsal root ganglia (DRG) are preferentially activated by particular pools of intra-
cellular Ca2þ. As demonstrated by patch-clamp and iodide imaging experiments,
theseANO1 channels can be selectively activated by theG protein-coupled recep-
tor (GPCR)-induced release of Ca2þ from intracellular stores, but not by Ca2þ
influx through voltage-gated Ca2þ channels. Co-immunoprecipitation experi-
ments and proximity ligation assay (PLA) suggested that this ability to discrimi-
nate between Ca2þ pools was achieved by the tethering of ANO1-containing
plasma membrane domains to juxtamembrane regions of the endoplasmic reticu-
lum. The ANO1-containing plasma membrane microdomains were assembled
within lipid rafts and also contained GPCRs such as bradykinin receptor-2 and
protease-activated receptor-2. As revealed byGST pull-down and peptide compe-
tition electrophysiology, interaction of the C-terminus and the first intracellular
loop of ANO1 with IP3R1 (inositol 1,4,5-trisphosphate receptor 1) contributed
to the tethering. Disruption of membrane microdomains by cholesterol extraction
blocked the ANO1 and IP3R1 interaction and resulted in the loss of coupling be-
tween GPCR signaling and ANO1. The junctional signaling complex enabled
ANO1-mediated excitation in response to specific Ca2þsignals rather than to
global changes in intracellular Ca2þ.
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Ion Channel - Ion Channel Interaction at Atomic Resolution
Elwin van der Cruijsen, Koen Visscher, Joa˜o Rodrigues, Alexandre Bonvin,
Marc Baldus, Markus Weingarth.
Utrecht University, Utrecht, Netherlands.
Multiple lines of experimental evidence highlight the lateral patchiness of bac-
terial and eukaryotic cellular membrane surfaces, suggesting membranes in
which proteins and lipids are organized in heterogeneous domains. This corrob-
orates the notion that membrane signaling proteins like ion channels are assem-
bled in supramolecular clusters, in which channel gating is coupled, possibly toachieve an optimal response to a single stimulus. How clustering occurs, the
composition of the clusters and how the stimulus may be transferred between
channels remains largely unknown, let alone at atomic resolution. Here
we have studied clustering
of ion channel KcsA in
complex E. coli membranes





tions. In particular, we
analyze the influence of the
membrane composition on
channel function1,2.
1. Weingarth, M. et al.,
JACS, 2013, 135, 3983.
2. Van der Cruijsen, E. et
al., PNAS, 2013, 110,
13008.Platform: Neurons: Modeling, Synaptic
Transmission, and Optogenetics
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Using a Cell Model to Study the Effect of Cholesterol on Exocytosis
Neda Najafinobar1, Lisa Mellander2, Mike E. Kurczy1, Ann Sofie Cans1.
1Chalmers University of Technology, Gothenburg, Sweden, 2University of
Gothenburg, Gothenburg, Sweden.
Exocytosis is an essential cellular process in neuronal communication. This
cellular function involves vesicle fusion and vesicle content release of neuro-
transmitter molecules. In the quest to determine the molecules affecting exocy-
tosis, simplified model systems such as artificial cells are valuable tools. The
models allow us to study the effect of different components such as various
lipids on the process of exocytosis in a controlled manner. In this study the ef-
fect of cholesterol on membrane dynamics for exocytosis has been investigated.
Membrane lipids including cholesterol provide a platform for carrying out and
regulating exocytosis. Although cholesterol is a major component of membrane
and certainly affects exocytosis, the overall biochemical and biophysical prop-
erties are not been fully understood.
Two different artificial cell models have been applied in this work. The first cell
model is based on pure lipid composition that provides total control of all the
components in the system. The second cell model is constructed from cell
plasma membrane from PC12 cells. This model gives the advantage of working
with a system that is very much like a real cell and has almost all the compo-
nents of the cell membrane including membrane proteins.
Kinetic information of single vesicle release of dopamine is recorded using car-
bon fiber amperometry in both models. In the former model we have shown that
adding cholesterol to the system slows the kinetics of the release in a concen-
tration dependent manner. In the latter model, we show that depleting choles-
terol from the membrane enhances the kinetics of the events. The result from
the latter model not only validates the result from pure lipid-liposome system
but also indicates the importance of lipids in the presence of all the membrane
components including proteins.
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BDNF Modulates Presynaptic Functions at a Central Synapse
Maryna Baydyuk, Xinsheng Wu, Jiansong Sheng, Liming He,
Ling-Gang Wu.
NINDS/NIH, Bethesda, MD, USA.
Our brain function relies on the communication between neurons, a process
called synaptic transmission. Brain derived neurotrophic factor (BDNF), a
member of the neurotrophin family, regulates synaptic transmission in many
brain areas and thus may critically influence brain function. The synaptic effect
of BDNF may contribute to its well-known roles in regulation of neuronal sur-
vival, synapse development, and synaptic plasticity. Despite these important
roles, the basic mechanism by which BDNF affects synaptic transmission re-
mains poorly understood. Previous studies suggest that BDNF acts on trans-
mitter release at nerve terminals, the presynaptic component of the synapse.
However, the mechanism by which BDNF regulates transmitter release is un-
clear. In this study we investigate the role of BDNF in presynaptic function by
electrophysiological recordings at the calyx of Held nerve terminal. The calyx
of Held is a glutamatergic synapse in the auditory brainstem with a large nerve
terminal, which allows direct presynaptic patch-clamp recording and
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itance measurements at this synapse, here we show that acute application of
BDNF inhibits exocytosis. This effect is specific to BDNF because application
of K252a, an inhibitor of the BDNF receptor, TkB, blocks the actions of BDNF
on presynaptic function. Moreover, BDNF inhibits rapid and slow endocytosis,
thus providing a regulatory mechanism for vesicle recycling. Furthermore, we
recorded the presynaptic calcium current directly at the calyx nerve terminal
and found for the first time that BDNF inhibits calcium current. It has been
shown previously, that both exo- and endocytosis are regulated by calcium
influx. Thus, our findings establish that neurotrophins regulate the function
of the nerve terminal via presynaptic calcium channels. Further understanding
of these mechanisms will advance our knowledge of synaptic transmission
regulation, a process essential for our brain function.
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Synapses between Interneurons in the Rat Cerebral Cortex at 2NM Reso-
lution and in Three-Dimensions
Guido A. Zampighi, Julio Vergara.
UCLA School of Medicine, Los Angeles, CA, USA.
We used thin sectioning and freeze-fracture electron microscopy to study the
synapses in the rat cerebral cortex at 2nm resolution and in three-dimensions.
The aim was to determine whether the opening of vesicles in the pre-synaptic
axon was correlated to the distribution of the neurotransmitter receptors in
the post-synaptic spine predicted by the long-term potentiation (LTP) of synap-
tic strength hypothesis. In the axon, ‘‘hybrid’’ filaments assembled from rods
protruding from the vesicle and the plasma membrane docked synaptic vesicles
to the active zone. The orientation of the ‘‘hybrid’’ filaments with respect to the
plasma membrane defined two vesicle-docking paths. When parallel to the
plasma membrane, the vesicles fuse ‘‘randomly’’ on the active zone, a pathway
that was predicted by the SNARE hypothesis. When perpendicular to the
plasma membrane, the vesicles dock at the base of plasma membrane depres-
sions (35-45 nm), which are spaced 75-85 nm center-to-center, arranged in files
and contained within gutters (the ‘‘deterministic’’ path). This path was not
anticipated by the SNARE hypothesis. Computer simulations indicate that the
‘‘deterministic’’ path creates neurotransmitter concentration domains on the
post-synaptic spine that are wider and shallower than those of the ‘‘random’’
path. In both paths, the opening of the fusion pore follows steps anticipated
by the fusion-through-hemifusion hypothesis. In the post-synaptic spine, we
identified intra-membranous particles in the external (E) face with dimensions
that match the homotetrameric GluR2 AMPA-sensitive receptor. The particles
are either clustered on the E face or distributed in bands on the ‘‘non-synaptic’’
plasma membrane. We thus conclude that in the pre-synaptic axon vesicle
exocytosis follows ‘‘random’’ and ‘‘deterministic’’ fusion paths while in the
post-synaptic spine LTP of synaptic strength involves the rearrangement of
pre-existing receptors instead of de novo insertion and retrieval.
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Syp1 Acts as a Clearance Factor for Syb2 at the Presynapse
Anne Gauthier-Kemper1, Rajit Rajappa1, Martin Wiemho¨fer1,
Cora S. Thiel1, Jana Hu¨ve1,2, Ju¨rgen Klingauf1,2.
1Institute of Medical Physics and Biophysics, Muenster, Germany, 2Center of
Nanotechnology (CeNTech), Muenster, Germany.
Fusion of synaptic vesicles (SVs) during synaptic transmission is mediated by
SNARE complex assembly formed by coiled-coiling of the SNARE proteins
synaptobrevin2 (Syb2), syntaxin-1A and SNAP-25. In order to maintain neuro-
transmission, exocytosed SV components need to be retrieved from the surface
by compensatory endocytosis. Clathrin-mediated endocytosis (CME) is
thought to be the predominant mechanism. However, it might be too slow
for fast SV recycling. Therefore, a pre-sorted and pre-assembled surface pool
of SV proteins at the presynapse, the ‘readily retrievable pool’ (RRetP), might
support a first wave of fast CME.
Using fluorescence nanoscopy of labeled SV proteins in combination with
quantitative k-nearest neighbour and paired correlation analysis, we were
able to resolve the spatial distribution of the surface pool at the presynaptic
membrane and identified dimerization of Syb2 as a first important step in
self-assembly of surface nanodomains. Moreover, we show that the SV protein
synaptophysin1 (Syp1) coordinates and sequesters these dimers in larger nano-
domains containing a few ten molecules of both Syb2 and Syp1. Both, dimer-
ization and co-expression of Syp1 are sufficient for correct targeting of Syb2 to
presynaptic structures. These results were confirmed using shRNA-mediated
knockdown of Syp1 or Syp1 knockout mice. Using pHluorin-fusion constructs
expressed in hippocampal neurons, we show that dimerization of Syb2 is neces-
sary for proper sorting into endocytosing SVs, since Syb2 monomers stranded
at the plasma membrane cause frequency-dependent short term depression
(STD) as a result of compromised Syb2 clearance away from release sites.This finding is corroborated in Syp1 knockout neurons that display strong
frequency-dependent STD. Our results demonstrate the functional role of the
Syb2-Syp1 interaction in sequestering Syb2 into the RRetP for efficient release
site clearance, thereby preventing cis-SNARE complex formation.
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Single Molecule Motion Maps of Open and Desensitization States of Nico-
tinic Acetylcholine Receptors
Hiroshi Sekiguchi1, Maki Tokue2, Yuri Nishino3, Kouhei Ichiyanagi2,
Naoto Yagi1, Atsuo Miyazawa3, Tai Kubo4, Yuji C. Sasaki1,2.
1Japan Synchrotron Radiation Research Institute, Sayo, Japan, 2The
University of Tokyo, Kashiwa, Japan, 3University of Hyogo, Kamigori,
Japan, 4National Institute of Advanced Industrial Science and Technology
(AIST), Tsukuba, Japan.
The nicotinic acetylcholine receptor (nAChR) is one of themost thoroughly stud-
ied neurotransmitter receptors belonging to a pentameric ligand-gated ion chan-
nel (pLGIC) family. Physiological analyses show that there are several states for
nAChRs, such as open, resting, intermediate desensitization, or chronically de-
sensitized states, however the structural information of each state was not fully
solved yet, and mechanism of changing states remain incompletely understood.
We have addressed to elucidate dynamic information of nAChRs in different
states by single molecule technique with diffracted X-ray tracking (DXT). We
had previously reported that DXT could trace functional motion of protein ma-
chinery at single molecule level in tilting and twisting rotational axes views
(1,2). Gold nanocrystal immobilized on a protein is used as tracer for structural
change of the target protein. We adapted this method for nAChR and compared
the two-rotationalmotionmapofa-subunits nAChR in thepresence of acetylcho-
line (ACh),a-bungarotoxin (aBtx), or excess of nicotine.We found that the com-
bined tilting and twistingmotions ofa-subunit nAChRwere enhancedwithACh,
those motions were inhibited with aBtx, and only tilting motion was inhibited
with excess nicotine in the solution. (Twisting motion is existing even in desen-
sitized state.) A recent electron crystallography study demonstrated that ACh
binding to the a-subunit of nAChR triggered a distortion in the ligand-binding
domain [3], which involved the outward displacement of the extracellular portion
of the b subunit. The finding is consistent with our result that ACh enhances the
motion of the ligand-binding domains of nAChR. DXT is highly precise and has
the ability to detect important intra-molecular motions of channel proteins.
[1] Shimizu et al, Cell 132:67 (2008).
[2] Sekiguchi et al, PLOS ONE 8:e64176 (2013).
[3] Unwin & Fujiyoshi, JMB 422:617 (2012).
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Photoswitching HCN Channels in Degenerated Retina Neurons
Vadim E. Degtyar, Ivan Tochitsky, Caleb Smith, Richard H. Kramer.
UC Berkeley, Berkeley, CA, USA.
Some degenerative retinal diseases involve death of rods and cones, while the re-
maining retinal cells remain intact, yet nonresponsive to light. An azobenzene-
photoswitch ion-channel-trans-blocker DENAQ restores retina light sensitivity
inmousemodel of photoreceptor degeneration (rd1), without affectingwild type
(WT) animals.We compared ion currents in retinal ganglion cells (RGCs) of the
WTand rd1mice, and their regulation by light following application ofDENAQ.
Voltage-gated K-currents were regulated by DENAQ similarly in RGCs of the
WT and rd1-retinas (19% vs 21%-increase by 480nm-light). However, DENAQ
photosensitized hyperpolarization-activated cyclic-nucleotide-gated (HCN)
channels in rd1 RGCs, but not WT retinas. The WT-RGCs revealed mainly
fast-activating (tens ms) Ih, while most rd1-RGCs showed a substantial portion
of slow Ih (ta>100ms). Illumination produced 21%-increase of Ih (1.3pA/pF at
100mV) within hundreds ms in DENAQ-pretreated (150mM) neurons. Same
light in DENAQ-treated WT-RGCs produced no fast changes, while some neu-
rons showed small slow decrease of Ih (<5% developing within 5sec). We hy-
pothesize that slow HCN channels up-
regulated in degenerated retina, might be
more sensitive to DENAQ than the fast
ones in theWT, but do not exclude other tar-
gets mediating light-effects on Ih.
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Development of a Red Genetically-Encoded Voltage Indicator and its use
with Channelrhodopsin for All-Optical Electrophysiology
Ahmed S. Abdelfattah1, Jelena Platisa2, Yongxin Zhao1,
Vincent A. Pieribone2,3, Robert E. Campbell1.
1Department of Chemistry, University of Alberta, Edmonton, AB, Canada,
2The John B. Pierce Laboratory, New Haven, CT, USA, 3Department of
Neurobiology, Yale University School of Medicine, New Haven, CT, USA.
The need for effective genetically-encoded voltage indicators is widely recog-
nized. Several prototypes have been made to date by fusing one or more
